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ni. REMARKS 

The examiner ha$ required restriction under 35 U.S.C. 121 and 372 on the basis that the 
appUcation contains inventions or groups of inventions which are not so Unked as to form a single 
general inventive concept under PCT Rule 13.1. In accordance with 37 CFR 1.499, the examiner 
has required applicant in reply to this action, to elect a single invention from among the 
following claim groupings: 

Group I, claitn(s) 1-1 1, drawn to a polynucleotide directed towards a gene of a catalytic 
subum't of human telomerase. wherein the polynucleotide is an antisense 
oligonucleotide. 

Group II, claim(8) 1-11, drawn to a polynucleotide directed towards a gene of a catalytic 
subunit of human telomarase, wherein the polynucleotide is a DKAzyme. 

Group ni, claim(s) 1-11, drawn to a polynucleotide directed towards a gene of a catalytic 
subunit of human telomerase, wherein the polynucleotide is a peptide nucleic acid. 

Group IV, claim(s) 1-1 1, drawn to a polynucleotide directed towards a gene of a catalytic 
subunit of human telomerase, wherein Ihe polynucleotide is a ribozyme. 

Group V, claim(s) 1-11, drawn to a polynucleotide directed towards a gene of a catalytic 
subunit of human telomerase, wherein the polynucleotide is an siRNA. 

The examiner has further required applicant to elect two target sequence regions from 21 83- 
2205, 2206-2225, 2315-2334. 2317-2336, 2324-2346. 2331-2350. and 2333-2352 as recited in 
claims 2 and 9. 

Group n claim(s) 13-16, 19-21. and 23-26. drawn to a method for diagnosis. proiAylaxIs, 
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therapy, foUow-up and/or afteicare of diseases comprising using an antiseose 
polynucleotide of group I. 

Group Vn, claitn(s) 13-16, 19-21, and 23-26, drawn to a method for diagnosis, prophylaxis, 
ther^y, follow-up and/or aftercare of diseases comprising using a DNAzyme of g«>up D. 
Group Vm, claim(s) 13-16, 19-21, and 23-26, drawn to a method for diagnosis, 
prophylaxis, therapy, follow-up and'or aftercare of diseases comprising using a peptide 
nucleic acid of group IH. 

Group DC, claim(s) 13-16, 19-21, and 23-26. drawn to a method for diagnosis, 
prophylaxis, therapy, follow-up and/or aftercare of diseases comprising usit»g a 
ribozyme of group IV. Group X, claim(s) 13-16, 19-21, and 23-26, drawn to a method 
for diagnosis, prophylaxis, therapy, follow-up and/or aftercare of diseases comprising 
using an siRNA of group V. 

Group XI, claim(s) 27, drawn to a method for inhibiting cell proliferation rate and inducing 
cell apoptosis comprising using an antisense polynucleotide of group I 

Group XD, claim(s) 27, drawn to a method for inhibiting cell proliferation rate and inducing 
cell apoptosis comprising using a DNAqroe of group H. 

Group Xni, claim(s) 27, drawn to a method for inhibiting ceU proliferation rate and inducing 
cell apoptosis comprising using a peptide nucleic acid of group HI. 

Group IVX, claim(s) 27, drawn to a method for inhibiting ceU proUferation rate and inducing 
cell apoptosis compising using a ribozyme of group IV. 

Group XV, claim(s) 27, drawn to a method for inhibiting cell prohferation rate and inducing 
cell apoptosis comprising using an siRNA of group V. 

The examiner states that the invoitions listed as Groups I-XV do not relate to a single 
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genefal inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, ihey lack the same or 
corresponding special technical features because 



a 



1 J The inventions of groups I-XV are found to have no speciaj technical feature that define 
contribution over the prior art of Cech et al. (US 6.444.650 BI . 2002). The examiner states that Cech 
et al. teach antisense oligonucleotides directed against the catalytic protem component of human 
teloraerase, specifically targeting Gene accession number AF015950 (Figure 1 and SEQ ID NO: 1). 
me examiner concludes that applicants' invention of the polynucleotide directed towards a gene of a 
catalytic subunit of human telomerasc does not contribute a special technical feature vdien viewed 
over the prior art and accordingly, that the claimed inventions do not have a single inventive concept 
and 80 lack unity of inventioa 

According to the guidelines in Section (f)(iXa) of Annex B of the PCT Administrative 
Instractions, the special technical feature as defined by PCT Rule 1 3.2 shall be considered to be met 
when all the alternatives of a Maricush-group are of similar naftjre. For chemical alternatives, such as 
the claimed polynucleotide target sequence regions, the Maricsuh group shaU be regarded as being of 
similar nature when 

(A) all ahematives have a common property or activiQr and 

(B) (1) a common structure is present, i.e, a significant stmcture is shared by all of 
the alternatives or 

(B)(2) in cases v*iere Ae common structure cannot be the unifying criteria, all 
alternatives belong to an art recognized class of compounds in the art to which the 
invention pertains. 

The examiner considers the instant polynucleotide target sequence regions each to be a 
sq)aiate invention because: 
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1 J the polynucleotide taiget sequence regions do not meet the criteria of (A), common 
pioperly or activity or (BXD, common structure or (B)(2), art recognized class of compounds, and 

2] each sequence legion behaves in a difieient way in the oonew of the claimed invention 
because each region comprises different nucleic acid sequences than constitute a particular region 
of an mRNA. The examiner concludes that one sequence region caunot be substituted one for the 
other, with the expectation that the same intended result would be achieved. 

The examiner further argues that, although the polynucleotide target sequence regions 
disclosed in the claims may interact with the mRNA of the catalytic subunit of human telomerase, 
the sequence regions do not meet the criteria of (BXl), as they do not share, one with another, a 
common core structure. Accordingly, unity of invention between the sequence regions is lacking 
and each agent claimed is considered to constitute a special technical feature. Therefore, ^plicants 
are required to elect two target sequence regions as indicated above. 

Travene 

Applicant respectfully traverses die requirement for election. 

The examiner argues that according to the guidelines in Section (f)(iXa) of Annex B of the 
PCT Adrainistrative bistructions the special technical feature as defined by PCT rule 13.2 is met 
when aU the alternatives of the claimed Markush group are of similar nature such as by (A) having 
a common property or activity. The examiner summarily concludes, on page 5 of the ofBce action, 
that Ihe "polynucleotide target sequence regions" do not meet this requiietnent But the 
"polynucleotide target sequence regions" are not the subject of the claims. What is claimed are 
oligonucleotides that interfere with the activity of the catalytic subunit of human telomerase and 
each type of claimed oligonucleotide has that identical activity. 

ft is respectfuUy submitted that part (A) of PCT Rule 13.2 is clearly met It is also 
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Mspectfhlly suggested that the examiner has focused on the mechanjsm of action, rather than on the 
action itself or on the claim itsdf. aaim 1, for purposes of illustration, claims a "ploynucleotide 
[thatj specifically interacts with the mRNA of the catalytic subunit of human telomerase . The 
unity of activity is clearly stated "...specifically interacts with the mRNA.. Each antisense 
oligonucleotide shows the common activity of interfering with the mRNA of the catalytic subunit 
of hTERT. The mode of interaction is not a part of the claim, nor is i t relevant to the description of 
action and effect 

Applicant submits that part (A) of PCT Rule 13.2 is satisfied. 

Part (B) of PCT Rule 13.2 is met in both its parts. The class of compounds is specified as 
"polynucleotides". The feet that the poyhiucleotides may have multq>]e activities docs not and 
cannot negate the fact that all are polynucleotides. Further, it is not any "polynucleotide" that is 
being claimed. Only those "polynucleotides" that "specifically reacts with tihe mRNA of the 
catalytic subunit of human telomerase" are claimed. Yet fintha, interaction with only two defined 
target sequences within die mRNA target is claimed. (BXl) requires tiiat a significant stzucUue is 
shared by all of the altonatives. The nucleotide structure present is all the alternatives is surely "a 
significant shared structure". 

Thus, applicant submits that criterion (B)(1) is met. 

However, even if (BXl) is deemed not to be met, (B)(2) is met. (B)(2 ) requires, in cases 
where the common stmcture cannot be the unijfying criteria, ttiat all alternatives belong to an art 
recognized dass of compounds in die art to which the invention pertains. Here, the invention 
pertains to nucleotides that specifically react with a ^ified mRNA. (B)(2) ^pUes since all 
alternatives belong to dte art recognized class of antisense oligonudeotides iK^ch are characterized 
by 

- a sequence of nucleotides, 

- specifically hybridizing to complementary strands, and 
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- Stopping mRNA tiBn$Iati(»i. 
Thus, applicant submits that criterion (B)(2) is also met 
Eleedott 

Notwithstanding the above and in response to the requirement that the reply to the office 
action to be complete must include (i) an election of a species or invention to be examined even 
though the requirement be traversed (37 CFR 1. 143) and (ii) identification of the claims 
encompassing the elected invention, applicant elects, with traverse. Group I for further 
prosecution. 

In addition, tqjplicant fijrthcr elects, with traverse, the two regions 2206-2225 and 2331- 

2350. 

Applicant fequesis that, pursuant to the prevailing rejoinder rules, that any non-elected 
method of use claims be considered aftar the product claims are deemed patentable. Applicant 
alos reserves the right to file divisiotial applications on any non-elected inventions. 

Special Technical Feature 

The examiner states that the inventions claimed do not possess any special technical 
features that define a contribution over the prior art of Cech et al. (US 6,444,650). 

Applicant respectfully disagrees. An examination of the disclosure of Cech et al, fails 
to disclose any description of antisense oligonucleotides, or any pucleotides, that "... 
specifically interacts with the mRNA of the catalytic subunit of human telomerase in at least 
two target sequence regions ..." where tiie target sequence regions are "... 2176 to 2250 and 
2296 to 2393 ..." as specified in all of tiie instant claims. Cech et al. while generally 
specifjiog antisense oligonucleotides to inhibit telomerase reverse transcriptase excludes the 
targets identified by applicant, [see Table 1, column 12 of Cech et al.]. In a listing of a page 
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aod a half of sequences, applicants target sequences are missing. 

Cech et al. discloses a reduced telomerase activity in a celt by at least SO % but lacks 
further details and exact expcrinjental data. ConUaiy to that, the antisense oligonucleotides of the 
present application affect a reduction in viability of more than 65% (cf. Example 1). Furthermore, 
the oligos cause a synengistic booster effect if simultaneously administefed with chemotherapeutics 
(cf. Example 2). 



TTie inventors have previously prepared a paper manuscript liirther pointing out Ihe 
unexpected benefits of their invention. The coiresponding author proof is enclosed aod further 
demonstrates the suiprising benefits obtained by utiUzing the specific sequences identified by the 
inventors. 

Condusion 

Applicant believes these remarks and the claim amendments are sufficient to obviate the 
grounds for restriction pres«5nled in the outstanding office action and respectfiilly requests 
consideration of all the pending claims. Please charge any insufficiency of fees, or credit any 
excess, to Deposit Account No. 14-1263. 



Respectfiilly submitted, 

NORRIS Mclaughlin & i 




Serle Ian Mosoft 
Attorney for Applicant(s) 
Reg. No. 25,900 
875 Third Avenue - IS* Hoor 
New York, New York 10022 
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fm. J. Cancer: 1 19, OOMOO (2006) 
O20WWiley-tiss, Inc. 

Microarray analys^ in bladder cancer cells: Inhibition of HTERT expression 
down-regulates EGFR 

Kal Kraemer', Ut« Schmidt', SiManne Fucs$eJ\ Alexander Hcrr\ Manfred R WIrth' ».d Axel M«ye'* 

PmrrmmofUrnhsy. Technical Unix^rsfty pfDmdcfi, Dresden. Germany 
instftut^ ofCmval Gfnffics, Tedwhat University ff Dresden, Dresam Germany 



Thq hwnan tdomerasc reverse traa^scriptase (hTERT) contrifaitt^s 
to flh€ Iremw'talj&eiiotyiw of the majoricy of cancers. TargEting 
bTERT by Iransfectlon mih umbense oUgonuekottdes CAS-ODNjtT 
o/7?^ i^^^Sf*"*^ Srowtti mhibltioii in human bladder cannr 
niofcctilar basis of the antlprolffcrativ« capacity af 
hTERT AS-ODNs was lnv«t&t!j;at^ ty oUgwvcleoiWt microarroy 
aitaJywj and ^ cMnparMl tu cffectj? caused by sIRNA-medbM 
tajodCHlown of hTERT In EJM BCa celb. IW din^nt AS- 
OONs^-botfi down-reflated the enrajcjon of hTERT— dwiiMd 
tbe ei^rtasm or dirTercnt senes mninly involved in strew respome 
(mcIwJIng EGRJ, ATF3 and Gi>F/5), but without m Hfitoeiaiinii to 
telomerase ftincHon. This indicakes ttiat (he rmmcdlate growth inhi. 
bition was caoMd, at tea«t In port, by off-target cfTects. In compari- 
son to that the bkickaife of the expmbn of liTERT vf^m 2 differ- 
ent '^NAj was ficcuinpanfed by the down-refiiuratiftR of (he onco- 
ftMi« POS^Ikc nntigcn 1 (FOSU) and e|^cnnal ^wih factor 
reccpjH- {EGFR}, known to be orerexpressed Sn BCa. We show 
here for the first tfane thai re|>re»ion of the hTERT tmnsicript 
Dumber decreased the expression of EGI^R hoth at the niRNA and 
protein leveh, sugsestlng a potcntia] new functinn of hTBRT in 
''Hr^lJ*^^" Of WSFR-stlmulatcd proUferatton. Purtharmore, the 
supprcHoon of hTERT by faRNAn cau.^d an eTdiancement of the 
antiproliferative capacity of the chemothcrapcatlcs mhooiycm C. 
and ^plfttm. The remits prtacnted herein may suppoc* the hyiolb- 
csa that hTERT pnmintes the growth wf tumor cdlH by mechfi- 
nlfints independent frotn telomere leiq^thening. The ddaflcd cbr(i|. 
cation of theae processes win shed light on the qaestlbm whether 
tdevneraae inhibitors might cnnsiltutc auitablB anticancer COoli. 
« 2006 WUey^Uta. inc. 

Key words: ontLscnse; bladder c^mccr; EGFR; hTBRT; olifiotuicloo- 
tide mieroaiYnyjE; aiRNA 

Tlie human tclomerasc reverse transcriptatt (hTCRT) Is the c4t- 
alytkally active componem of the tciomerasc complcn.' hTERT 
catalyzes the lelomcre eton^ation and associates with telomeres; . . 
leading to increased genomic stablliry and enhance^ QNA-cepair? 
Its axpteaaion correiatea with jS&mera&e actij®/ dl4v9. festcigted 
to ^erm cells, stem colls and tJ^^mfcre &m 93)48Vof ifiiii^Si d^&s. ^ 
whereas most nnnnaJ humSi^iSfnatlc all^haw ife WEflTfe^ 
expression.^ The parallel Iraii.sfcr 6Y (lif'?»>li*bn«)gcne a?PSic"* 
SV40 large T antigen lo^ther with hTERT into human somatic 
cells caused the malignant transfomiaiion of ehcse cells independ- 
ent of hTERFs functcon In relomenc elongation.^""' Fuithcrmore, 
the ectopic eKpression nf hTERT in human mammary cpithcHnI 
cells induced mitogenic 50005, such as epidemial growth factor re- 
ceptor {EQFR) imd bawc fibroblast growth factor {FGFl)!" The 
close association of hTERT witfi ihe tumorigcnio process aupporra 
the use of hTERT as a specific anritumor target, 

DIflereni inhibition approachca were described to interfere with the 
ftmaion of hTERT, whereby— in wme of ihc case»^a lag 
between treaancnt and cfTcct on cell growth was observed, cansod by 
the time needed for teloracrc attrition 10 a critical lenglh. The treat- 
ment with 9 small molecular inWbitOr or by (he use of a dominant 
negative mutant of hTERT was effective after overcoming diig lag 
phase, tn contrast, hTERT can impair ceil gmwth immediaicJy arvJ 
indepcndern from its function in telomere lengthening."-' An Imme^ 
diafe fxolrfcration Stop was inirtated by tai^ng the hTERT mRNA 
with ribozymcii oramifiensc oligonucleotides (AS-ODNs)."*"" 

Different A5-ODNs targeting genes overexpresscd In nimom 
were alieady investigated in ctinica) studies.'*^ Mote recenHy. tl^ 

Ul^^ fubUsitlenof tlw inivnwtloiul iTniofl Ae^^asl Camer 



use <rf small inlcrfeHng RNAs (siRNAs) has been described to 
^cificajly knock-<fown selected geoea.''* The decision, which of 
these technique'^ is favorsblc, depends on the appropriate contejit 
The pliarmacoktncfical pnjpcrtie:? of AS-ODNs id the field of and- 
cancer therapies are well-known from various animal models and 
clinical studies. The applicability of siRNA^i in vivo remains to be 
evaluated in more detail. 

In previous studies, we reported the AS-ODlM-mediated knock- 
down of the hTERT mRNA expression in bladder cancer (BCa) 
cell lines, leading 10 an immedlait: .suppression of the growth of 
these cells. • • However, a critical poim in the usage of AS-ODN,s 
Is Hie appearance of off-tirget effects; non.<*pccific cflccts, whicb 
ate difffttcnt from the effect on the tai:gpi mRNA. The aim of the 
pre.^t study wa."; to chamcterize geaomc-widc expresslan profiles 
of the BCa cell line eJ2« after hansfcctlon with 2 hTBRT AS- 
ODNs (AS122O6, A$tl^3l.) as the molecular basi:i of their growth 
sm^ssiog function. Funhermorfe, 2 siRNAs (si-hTERTl and si- 
hTERTZ) were applied 33 an alternative method to reduce the 
hTBRT expression, and ih; resulting expression pmflles were ana- 
lyaeed by 'oligonudc<:yiidc microarrays. To dUfcr between specific 
effects of the hTERT tarigeting oonstnicis and effects caused by a 
general AS<^DN-mediated or slRNA-mediatcd mechanism. AS- 
ODKs and siRr«?A8 directed at the targets .^turvivin and va.scul3r 
endothelial growth factor (VEGF) were used. The experiment.^ 
focused on the target-sj>JciflciUea of 2 different airatcglcs to 
knock-dowii hTBRT and on the charactertzalion of genes involved 
in reguUtOiy processes axmlated with hTERT, 

Material and methods 

Cell cttlture and transfcvtion 

The human BCa cell line EJ28 was cultivated as described pievi* 
ousJy, The cells were transiently transFcctcd with ODNs Ctnvim)> 
gen, Kairlsnihfi. Ocmiany) itnd siRNAs (Qiagen. Hildcn, Germany) 
<TablejDjat250 nlVI oomplexed uumsXipofectin (U^ (lnvitrt)gen) ti 
.al a LfriSafeic acid DOTAP (Roche, A4ann- 

neim. M^TttanjJ^SapOT of 4:1 (w/w). The 

sjRNAgwcre ^feign^LS^a'te^^^^ (www,qiagcn.com). 
The cells ineluduig didse ftjatiag In tSs supemaiam were harvested 
and pooled at different time points, Alitiuote for RNA extraction 
and Western blotting were colleded in parallel. 

Ctm\i?i}\aJif>ft ofhTFMTsifC^Ai and chemoth£rapeutic agenis 

Cisplatin (CDDP) and mitomycin C (MMC) were diluted in cul- 
ture medium before each experiment. The tfeatment scheme and 



Abfrrtviaiiant: AS-ODN. amiKedSe oligonuctcntidcCs); BCa, bladder 
cwiccf: CDDP, c/x-dtaminedirbloroplBtinom (cisplatin): CT. chemother- 
JSSJ*^^''^' human telometase leverM tmnacriptaac; LF. tbofealn; 
JVIMC, mttomydn C NS, nonsense; qPCR. quantitative polymerise chain 
Mscf ion; riRNA. jtmall inicrfcring RNA, j'-w™. «^iuun 

Oraiti spoixftor, Finguin fn«n.iation. Pfleger foundation. 
'^CorrMpnn^cnco to: Deparimcnt nf Uroiosy.TechnicBt t^iiwirily of D«ju 
dfin. F*schcrctraase 74, D-Ol 307 Dresden. Gcnriiiny. Rbu +^9-35 1-458377 1. 
E^jiih iKcLmf;yoi@hini|dinikiim-±ttdGiLde 
^^\mf\^Vn rcwaon 16 Ifebniaiy 200fi 
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UTERT 



SurvMn 
VEOF 



A$t2206" 

A$t233l" 

SCR2 

SCR3 

SCR4 

SCR5 

A$-veCP'" 
NSOON" 



TCTCCTGGGGGATGGTGTCG 
eCTAGAGACQiTGGCTCTTGA 
GGAAGTGACGTCGCACTTCT 
GGTAGAGACGTCGcTCCTTGf 
GGAAGTGAGGTGGCTCTTGA 
CGTAG5GAcOT£GCACTTGA 
AAGCGCAAcTCGGACGAATGC 
AG<5(5ACCGTGCTGGGTCACC 

taagctgttctatgtgtt 



si-hTBRTl 
«i-htERT2 



CUGGAGCAAGlfUGCAAAGCAU 
CAGCUCCCAUUOCAUCAGCAA 



aagcauucguccgguugcgcu 
agcacggqcccucuuggaauu 

AAUUCUCCGAACGIjqiJCACCjtJ 



the analysis apoptosis by annexin V sminio^ wen: adapted from 
antisftosc experiments described carfler.'"' 

Sample prtpcrcalonfrtr mcroarray hybridization 

Toral RNA was isolated ustrtg the RNeasy Mini Kit (Qiafcn), 
After quality Control by agarose gel deciroi^oresls, sinpJc 
stranded cDNA was prepared from 8 fig RNA template, using ,i 
T7-Oligcwrr24-pnmcr (TibMolbiol, BerJin. Gcnnany) ajid Super- 
script ri (Irtvitrogen). SecondaTy strand synttiesis of the cONA 
was pcribrmcd u$ing E,coU DNA Ligase, E.coli DNA Polymerase 
I. RNase H. and dNTPs (all ftom Invitrogen). The double stranded 
cDNA was purified by the GFX PCR tWA and Gel Punficaiityn 
Kit (Amersham Binsciences. Freikirg, Germany) and completely 
copied into biotin- labeled cRNA, using the Mcgascript T7 kit 
(Am bion. Woodward). Tbc cRNA was purified usinfi RNua!!y col- 
umns (Qiagon) followed by quamiQcatioo. fragmentoiion and 
Itybridization on HG*U133 A arrays (AffymctriiR. Santa Glani) for 
16 hf at 45*C acoofding lo the users manual. The chipj* wen 
scanned using ji GeeteArray wanner (Aeilcnt, Palo Atto), 

Offta cnalyf^ and comparison stFvttcgfcs 

AH probe sets ftwn each may were normal |;sed to a larger in- 
tensity of 500. The control probe sets (splkln| controHi, house 
keeping geties) were verifted for aH'^encc of anomalies;. Output 
files were Analyzed by the dCHfP 1.3 TOfiware (www.dcWp.ore), 
using the PM-only model. The different arrays were normalized to 
the array with the median ovcmll intensity, followed by calcvla- 
(lot) of model-based exprcMion values and nutller detection. Com- 
bined campari.u:kn5 were pcrfofmed to identify differentially 
expressed genes In cells treated wHh ItTBRT AS-ODNs Of siRNAs 
m comparison to the appropriate controls (NS-ODN. N$-sr). Tn the 
finrt step, Citeb AS-ODN arravwa!? cotnpai^ to the NS-ODt^ 
array, and each siRNA array ifflfe compared c^e^S^-si array to 
c^cJudc unspccific cffecL'i catiiS^y tlS t«StnWit S|@fe ' 
The fold change used er c0im^^ 2M fM/^'O^^ 
Because of the lower IcvclHii ovcfali^l? clffiigi^ affer siRNA 
ircatmenf, the cut-off was set to 1 .7 for si RNA arrays. 

This procodurc resulted in one specific gerw hsi per AS-OCH^ or 
siRNA. respectivdy. the lists for rhe hTERT AS-ODN5 or siRNAs 
were compared to diose for constnicB directed at .survivin (AS- 
SW. gi^vV) or VECF (AS-VEGF, jd-VEOF) to check f^r num- 
bers cf genes similarly regohted by the ditTereni treatmcnis. The 
second step was the jieneretion of 2 lists of genes containing those 
candidates, which were differentially cxprcsscd afler andhTGRT 
treatment with both of the AS-ODNs (ASt^iOd. AS12331) or both of 
t lie siR NAs (si-hTERTI, si-hTERT2), each in comparison to the 
a^pnipriate NS contml. In a ditid step, these hTERT gene lists were 
oompared to Che suivivin and VECF arrays. Fimhemtorc, the 
hT0RT AS43DN specific $cnc Kst and Che hTERT sIRNA spuriac 
gene Ust were compared (Fig. 1), The analyses employing N$-OJDN. 
NS-si and si-hTBRTZ were performed in 2 independent experiments, 
and tlie mean values were used for analyftit. 
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. Pitit*iiR I - Schematic description of the comparative analysis of 
mRNA expression patterns by nngonucleotide microarrays. The cells 
were treated with AS-ODNs tar^E^rted ar hTERT (AS12206 and 
A$t233 1) and control AS-ODNs (AS-SW and AS-VfiCfF) as well os 
HSl *<7ERT siRNAs tsHiTERTt and si^hTERT2) and control si- 
RNAs (shSW and si-VEOF). AS-ODN and siRNA oriays were tlOr- 
malizcd to NS-ODN and NS ^i arrays, respectively. 

script rr reverse trancriptase (Invitrogen) and random hexamcr pri- 
mers (Amersham BioscKozes) were used for the reverse tren$crif>> 
. tion of I ^ig total RNA into first strand tDNA. AJt cDMAs were 
diJuicd 1 :5 before performing che qPCR reactions. The alterations 
of the expression of Se ectcd genes (ATP3, EGRl. RMOS. 
K>CD*, RAB3 1, t02) wa^ confirmed by TaqMnn C?cne Expres- 
sion a^jfs^pplied Biosystcms, Foster O'ly) on the LightCycler 
jiLstrttitoitJ@^TO4»).^j?ar^ diluted PCR frag^ 

'B incnts;(30^.moF^?wcfc gs^ ls<#r# calibration curves. The ori- 
•f| mcrs a^d proU![s /d^/ai%Jglkt||n of EGFR and PBDG arc 
stiown in Table 11. The PCR for the reference gene TBP was 
adopted fmm Linja tt a!.^ Bach qPCR, except thai of hTERT, 
was performed using the UZ FastStan Master HybridUadon Pn>be 
kit (Roche). The data rcpreicnt means of independent dopDcates. 

f^GFR protein dfJccUon by Western foiotiing 

Wesiem Blot analyses were performed acoordmg to a standatd 
protocol, using monoclonal antibodies against EGFR (clone 
H9B4: 1:1,000) (Biosourcc, Solingen. Oennany) and ^-actin 
(l:8,0CX)) (Sigma, St. Louis. MO). A secondary antimouse-HRP 
antibody fl:1.000) (Dako, Glostrup, Denmarfc) and die Enhancod 
ChemiJumincsccncc Kit (Amenham Biosciences) were u.<ied for 
visualization. 



Quaniitetiivc polymerase chain reaction (^PCR ) analyses 

Ttie hTERT mRNA exprension wns quantified by the LightCv- 
cler TeloTAGGG hTERT QuamUication Kit (Roche). The Supcr- 



Resuhs 

Effects of hTERT AS'OONs on target expression 

i\ was shown previously by as, that the AS-ODN-mediatcd 
reduction of the hTERT mRNA reached Its maximum 12 hr aflter 
trans/cctlOTL Hence, this point of rime was chosen to perform the 
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UTERT INHIRITTON BY MRNAa DOWN-ReOUI-ATBS BGFR 
TAftLE II - PRIMERS A^fD PROIlfiS FOR TH? QPCR OP TUB EPIDEftMAL GROWTH FACTOft aRrrimu «^t» 



FBGD (158 bp) 



EGPRup 
EGFR down 
EGFRPL 
£GPRLC 
PBGDup 
PBGD (iowii 
P6G0FL 
PBGPtC 



FL, fluorescein: LC, UfihtCycJcr Red 640; PH, phosphate group 



GGAATTG 7TGCTGGTT62ACT 
AAAGAATGCATT TC5CCA.\GTCCTA 
ATGAGG7ACTCQTCG<5CATCCACC - FL 

LC-CGTCGTCCATGTCTTCTTCATCCATC-PH 
GCTGCa;\CGGCCGAA 

CCTGTGGTGGACATAGC,\ATGATT 
TCCCATACAGACGGACA<5tGTGGTC-FI, 
LC" CAACATTGAAAGCCrCCT ACCCTGG" PH 




Pic:TO8 2 - Targct-syccific actions of A5-ODNs vid siRNAs. The 
relative hTERT mftNA enprwjdon <hTBRTyPBGD) .Waj meamzcd by 
41PCR Bt 17 hr (AS-ODNfl) :ind 24 Lv (siRNAs) aAer^anjifocdon. The 
fclativc hTERT Iraniwript numben were nomuHzed'to (hoffi ttf.NS- 
ODN and NS"» tmibd simples, respectively, 

micnjjray expcrimwirs. The effkicnt knock-down ofhTERT was 
oojmnned by mcan^ of qP(m in BJ28 cells (Ffg, 2). Both of the 
hTERT AS^DNs, ASt2206 and ASt^31 dfmintahcd the exprra^ 
sion of their tarjgct 12 hr afterttonsf^ctioiL X%tliO^ reduced the 
hTtRT mRNA level ^slightly §^ cfficiemly^ ^^fffiepf thcvNS- ^ 

Bxpresshn profilfns hy oligonucleotide mia'oarrays trftfr 
trectmtnl with hTERT AS-OONs 

Pilircd comparison analyse* wen: performed tn invesrtgaie influ- 
ences on gene expression cauM:d by both of the 2 hTERT AS- 
ODNs, but not by the NS-ODN (ASt2206 vs. NS-ODN. ASi23n 
VI. NS-ODN) (Fig. 1). These eflfccts— in the ca$c of tareet Kpeci- 
ficity— rfwuld not appuir after treacment with A$-ODNa tarsrctcd 
ai Mimvin (AS-SVV) or VEGF (AS-VEGF), which served as cor^ 
irols. 

The 2 hTERT AS-QDNs cauied totel numbcnis of changed 
genes of 59 (A5t2206) and 101 (ASt233I), respectively, vrtiereby 
most of them were uprcgulated (Fig. 3<7), FiRecn of a toul of 59 
eenc5 (25%) changed by ASt2206 trcacmem wctc also a/Tectcd by 
AS-SW. whereas 25 genes (42%) were nfTccted eqimliy by AS- 
VEGP. TTjc highest degree of concordance ww tevealcd between 
ASr23j| and AS- VEGF (75%). 

^J22?^3™^ ^ diangcd in paralJcl by both of the 
hTTOT-dwcrtcd consifucto ASi2206 and ASl233l wag generated 
CTablc ni). The comparison of tfiU hTERT AS-ODN gene Hit 
with genes, whose expression was altered by AS-$vv and A$- 



VEGF, ytcWcd a high degree of conooidancet from (he 28 fienes 
^'"'1*2 ^^iT^^"^ ^"'^ 22 fene^t (79%) were also uprcgiifated 
by AS- VEGF. 13 genes <46%) were coaffectod by AS-SW and 
[ I genes (39%) went altered together by a« AS-OON« indepcnd- 
cm of their target. Four genes were dif PerentiaJly expressed cxclu^ 
siveJy after treatment wi ;h hTERT AS-ODNs, but neither after 
treatment with AS-SVV nor with AS-VEGF. The sterot-C4- 
methy] oxldflse-like SC4M0L and l'Z02 (fritzlcd hotnolog 2) 
were down-rcgiilated. The hypoxia and ON A-damagc- inducible 
nanscript r>0rT4 and the hypothetical protein FLJ20707 were 
upregulatcd. Unexpectedly, a variety of genes known to be 
involved in slrws nesponsc were induced by titatmcnt with A5- 
ODNs agamst different Mrceis: fui, IL8, EGRJf, ATF3, CEBPB. 
GADD45, GAO0S4 and MAFF (Table ITI). 

Taken together, the genes identified here were dtffcrcntially 
expressed after trcamient with AS-ODNs in comparison to the 
NS-conttoL The high degree of concordance between the different 
treatment groups leads to the assumption (hat these eft^is may be 
widely independent of the effects on the target of each of the AS- 
ODNk. 

. Bjfccls of variom AS^ODNs pji c^M gr^fwth 

cJI'*' ? h^BRT. AS-ODl>Js efflciendy reduced the numbers of 
EJ2« ceUs wjthin the first ?4 hr after transfeciion in comparison m 
the NS-ODN, ^^weby ASt233l caused the more pmnponced 
reduction to about 33% of the NS-ODN (Fig. 4). AS-VEGF was 
similarly efficient like A5i233l at 24 hr, followed by A$-J5VV. 

influence pf scrambled hT^RT AS-ODNs an cellular viability 
Oftd Utrstet expression 

^^^WS^ ^^^^ pcrecntage ofjgencii altered tojjethcr by 
AS-ODNs %ccted atdiffcre^Hjtarg^;4 additional control ODNs 
::(SCR^Sj3R3^StR?;^§CRi^ from ASt233l with the 
; mom potetu aeiion moeHtila^^ analyzed to invc'Jii- 

' gate the relaUonshiplfeiwseiricqiicnce and action of ASt233L 
The scrambled SCR^ODNs containing 3-6 exchanged bases 
compared to ASt233l (Table I) and thus without abflity for 
hybridization to the hTERT mRNA were used to investigate Acir 
influence on viability and liTTOT expression. Matching their 
sequences with ihe humaji genome database (htip://www.ncbi. 
nlm.rtjh.gov/blast) yielded no Significant homologies to tcnown 
human mRNAs. 

The scrambled SCR2 coa-rtnact. modified by 6 ba^e exchanges 
over the whole sequence, had neither an influence on celhitar via- 
biliiy nor on hTBRT exprewion (Rg. 5). SCR3 containing 3 base 
exchanges on the 3'-sitc reduced both the viability and the hTERT 
ejnwieKlOT of EJ28 cells more efficiently Uian the primanr 
A5t233l. A changed S'-sequcnce (SCR4) or a changed ccntia) 
sequence rsCR5) had no or linte effect on viability, whereby 
SCR5 caused a moderate hTERT repression. 

The reduction of viability and hTBRT expression by die modi- 
^^^"''''11 * ^^^^> ^ disordensd homology to the 

bTERT mRNA Jet us assume, that— beside the cffets on tarmt 
expression— fargei-indepcndent effect of the hTERT AS-ODNs 
coninbuted to the growth iiiiibition of BCa cells. 
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\^'TP^^\l nTl5""/M^f!^'^'^i'"'^'*'^ the numbers of diffennlialty expresMd £enes and their overUps. <«) Twelve hours after trc^tmem wUh 
, r5T '^^^"^ TwMity-four houf5 after ircauncnt with hTERT jrfRNAiJ. Each Click dcAcriM the effect of a wnscmct tt^KiS^^^ 

v«?F and ii. VEGF), each nortnattzed ta th« NS-ODN or N5-«l, nspecti vcly. Pbrcei\lage» of apnsKuliited ^es on: shown intimcketK. 



IlI-tiT^T AS-ODN GEni^ U4IT. SHOWN Cl^NES. RECR^LATEb TtKiETnER BY DOTM QP YMV hTORT ACnnWu Aiun tub imei imr/<c 



SyznhnI 



ASa20ft ASl23ai AS-$W Afi-VCGF 



209i46_fli 5rerol-G4-mc]hyl oxk^jte-Jike 
21022O^at Frgi^Ied homoloj; 2 (DrosophiUi) 

202887_s_at HIF- 1 responsive RTPS) I 
220369^at Hypothetical protein FU20707 
367 1 t^ai v>maf mu^iiLonponeurotlc 

fibrcMarooma oncogene 

hotnolog ^(avian) 
3029l2_jil AdrenomeauUm 
202fiddj)_;)l Tumor nccrmti$ fACUV. 

a-induced protein 3 
205207^ ImcrieuUn 6 {jmeHenm, 3 2) 
205047 J_al Aspanigitic itynttieiiuw 
209270.ar Larrdnin, $ 3 
20930,'L«_»( Growth airesi and 

DNA'damqgc-inducible. p 
20l739_ot Scrum/iBlucocoitfcoid-ftgMJaced 

kinase 

322 162^_Bi A di^integrin-Hkc and 

mccaUoprotease (jrproIy.^n 
lypc) with thinmbo.<pondJn 
lype I motiL f 

2l)9020.tii Chromosome 20 open 

reading fVamic^M -^y 

220046„s^at Cyclin L ania^'^if ■■ r '^i-^^ 

2I2501_al CCAAT/enh^gfcindihg fi 

2l79?8_at CycHnBIinrcractingprdtcinl " 
202672_«_i»t Activating transcfipIiOn FiuctDr 3 
201694_R_ar Eariy Erowih rcj^ponse I 
20776S_fli Earty gmwdi response 4 
202859_x_at InrerleukinS 
20201O1 PmteinphospliiitBscB I, 

regulatory (inhibitor) 

subunit 1 5 A 
2 1 4062_x_»f Nuclear factor of ic I ight 

polypepttde mne 

enhancer in B<eUs 

inhibitor. 0 
203439_5_at Stanniocalcin 2 
221 577^x_at Crowth diffcraitiation factor 1 5 



220755 ji.at Chi>c>moramc 6 open reading 
frame 48 

2 1 8750.at Hyporhcttcal pratcm MGC3306 
2 13649^31 Homo sopiww cPNA FU36a07 fin, 
^^^.^ cteneASTRO20fl0l4j 
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Ti^n 4 - Effectq orn-wsfeciion with hTBRT AS^DNs on EJ28 
cell cxHint at 4ifV&i«nl time pointc aflef transaction. 

^<fc*f ofhTERTmNAs on target exjfrfssion ofBCa edh 

The hTERT AS-ODNs were aUe to potently reduce the c^Hular 
viabHity as well the expression of their target. Neverthelcs5i. 
only 4 gents (without known associadnn to tctomerafie Auictkin) 
were affected simHarly by both of ihc hTERT AS-ODN$. Uncx- 
pecredly, a high number of genes were changed together after 
treaiment wiih A$-ODNs dijiecred ar ditr«rcnt targeUs/As an after-' 
native merliod to InhibH hTERT, 2 dtPfefeni s\RNA% (Table I) 
were used. 

The moM pramincnt reduction of the hTERT mRN/V expression 
was seen ai 24 br after rransfoction (data not ibtmn). The celts 
were harvestBd for tnicroftrray e^Lperimcnt^ m this point of rime. 
The hTERT expression In EJ2S ccIIk was inhihtl«d by st-hTERTl 
to 55% and !H-hTERT2 (o 33% in oomparisoft (o NS-jsi 24 far a^r 
transifcction (Fig. 2). 

Expression prpJUing by oiiftomdeotide nucroarrays 
afier trentnmt with hTERT siRNAs 



Uslna the sam« procedure as described earlier (Fig. l). hTBRT 
was sifenoed by si-hTERTI .and 5i-hTERT2. The expression 
Ch&n^s were analyzed in ccpWMnson tct ti^tmSSii. jwith NS-si 
(without homology to any huifiLi5nR»A) 'A^oi^BarS^ i^h^. '^^"^ff^^f^^i^ 



obtained after transfeciiort 




Piai.KK 5 -Contlarion jetwccn wxiibilily and hTERT expresision 
after Lreatmcm with die hTERT i«fgeting AS-ODN ASt2331 and its 
njodified coonterpaiTf!, The ▼iabUitiCji and the hTERT/PBGD cxpics. 
3ion ratios were nonnaliKed to thai of the N$-ODN'tre«ited samples. 

All these 7 genes were dDwn-icjgulatcd (Table IV). This hTERT 
siRNA gene list included 2 genes with fenown funciion as ooco- 
gcnea: EOFR snd f^OSLl (ako Imown as FRA/), which is a com- 
ponent of the AP-I tfttftscripiion factor complex, fuiihermoi«« the 
cpithcliHm-specilic exprcsicd laminin 72 {LAMCl) gene was also 
«pociacally downnie^uUicd by both si^hTERTI and si-hTERT2. 

Validation of the micrtMtmjy data by^uandwhe PCR f^FCR) 
and Western blaUing 

. qPCRs for 7 j^ntn with high, modenktc or low fold changes on 
•TTiicroarrays wette pefforrnsd to verify the data. The fioW changes 
TTKOSured 1^ qPCR coTrclctcd well M^ith those obtained by 
arrays, v^heneby the qPCR showed a higher sensitivity (Table V). 

Moreover, we .investigan^d whether a reduction of the EGFR 
thRNA resulted in a reduced protein level in EJ28 cells by West- 
cm Bfoi analysis. The transfettion with both si-hTERTi and sl- 
hTHlT2 clearly diminished the EGFR protein aficr 24 hr in EJ28 
cells, wherca^ si-VECF fPij. 6) and si^SVV CdatA nm shown) had 
no effect on EGFR protein content. Similarly to the micrxsarray 
and i|F?€R resultJ. si-hTERT2 is more efficicni than si-hTBRTI, 
not only In inhiblcing hTERT but also in (jtown-rcculflting EGFR. 



controls 10 differentiate bei^ 
repression of hTERT or caused by a general siRKA-mediated 
mechanism independent of the target 

The total number nf altered genes clearly dlffefed between 
si-hTERTI (41 genes) And si-hTERT2 (1 18 genes) (Fig. 3*). The 
proportions of uprcgulated genes were 37% after si-hTERTI trcat- 
mem and 44% cansed by si-hTERT2. The degree of concordanco 
between the different treatment groups was relafively low. Seven 
(17%) concordani genes were identilied by comparing sl-hTERTl 
with si-SW as wcU as t>y comparing si-hTERTl with sUVEGF. 
Of ihcic, 3 genes (EREG, iU$RA2. RIC) were found io both of 
the comparisons (data not shown). Ten of 1 18 (8%) and 7 of I tS 
genes (6%) were regulated in paralle] by st-hTERTJ/si-VEGF and 
by si-hTERT2/si-SVV. respectively. Of all Acse overlaps, F-bnx 
and IcuclncHich repeal protein II (FBXLII) and Ras-GTPase 
activating protein SH3 domain-binding protein 2 (03BPZ) were 
identified ns being altered by all aiRNA<i independent of their tar- 
get (Tabic IV). 

Eleven genes were found as regulated together by sl-hTBRTl 
and s|.hTERT2. whereof 7 genes (64%) were exclusively altered 
by the hTERT si-RNAs and neidier by shSVV nor by ai-VEOF. 




k wifh chcmotherapeutics 



No iignifiwdft ch^j|^ in*^^^itfly. ptolifcrarion or opopcosis 
were observed after treatment with si-hTERTi or M-hTERT2 24 
hr after transfcction (data rot shown). However^ a decreased num- 
ber of cells entering the S-pha.5c of the cell cycle 48 hr after the 
treatment with si-hTERT?. in compari.son to the NS-si control 
(21 vs. 31%) was dcicctcJ, whereas the poptilatlon in CI was 
increased (70 vs. 59%) (data not shown). 

We have shown previously the enhancemenl of chcmothei^ipy 
(CT>-m6diatcd effects on sellular viatilLity by pretreatmcnt with 
hTERT AS-OONb in scve::al BCa cell lincs.^ The tect that AS- 
ODNa and siRNAs targeted at hTERT caused completely different 
changes on mRNA expression portcms of BCa cells raised the 
question whether hTERT siRNAs can also seiixitiic BCn cells 
10 CT. 

Preliminary data reveald diai hTERT inhibition by si-hTERT2 
followed by incubation with a relatively low ooncentration of 
hflNtC decreased the cell liouni of EJ28 cells in comporfson to 
trtatmcnt with si-hTERT2 or MMC as single agents. A reduction 
in cell number by fii-hTeRT2 + MMC to 50% of the control, 
treated wlUi NS-si + MMC, wu noticed after 72 hr. The same 
effect was seen axing CDDP. Moreover, die role of apoptoxLs, 
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nc 


complex 
BaAcniem membrane 
protein; cell adhesion/ 


222162^8.81 


A disimesLrin-liice ond 
metal iopnitcfl<{c (reprolyain 
type) with chrombospondin 


ADAMTSl 


-1.7 


-2,2 


nc 


nc 


migrndon/dlffercntiAtion 
ExtnceHularmBtrix 
degrading enKyme 


2I250l_at 


type 1 mocir. i 














OCAAT/enhaiwer binding 
protein (C/COP). P 


CBBn 


-1.7 


-1.7 


nc 


nc 


Transciiprion factor, 
intcrlcukm 6-dcpcndcnt 


209673_s_ai 


Hetefogeneoiffi nucfc^ir 
rihoniicleoprotcin U-liVe 1 


HNRPVL! 


-1.7 


-2.2 


nc 


nc 


DNA-binding protein 
Member of the hnRNP family 


212406^fl ai 


KJAA0220-like protein 


L0CWI7 




-1.7 


nc 


nc 


Not known 


MyeKft iranscriptfon f^cior 1 


Mm 


1.9 


1.9 




rtC 

-Z8 


T^amcri prion faavr 
Bone morphogenetic MOiein; 
member oF tiie TOrBI 


221577^81 


Growth diffeicTitiBtion factor IS 


CfDFfS 


-1.8 


-2.5 


nc 


208B4l.s_at 


Ras-GTPase activatii^g pfoiein 


QSRP2 


L9 


IJ 


2.1 


1.8 


superfitmily 
Not known 


208988^ar 


SK3 domain -binding protein 2 










P-^ox end leuci no-rich 
repeal prorein 1 1 


FBXLU 


L9 


1.9 


1.9 


1.9 


Member ofthcR-box 
proteb family 



nc. not changed. 



_ TABtS Y - VAUOATIOM OF OIFFHRBNTIALLY BXPRESSBDi^BNES' 
"l^S?*!^ THE Em6SSK5i>f:.VALUES OF- 

Am AND GCftI WbftF. NORMAUZCD TO Xm RCFCRBMCE G&KC /ACiI>; 
ALL OTKER EXPRCSSIQK VALUES WBM: I^JHMALeSto TB^^^ 
POIJ? CHAhfGES n^CAtn DOWN.RECULATmN 



Can 



FC mtrroiytay 



FQqPCR 



ECR1 

F0CO4 
ID7 

EGFR 

RABSI 



ASI2206 vjr. NS-QON 10.8 

A$r2331 vs, hJS-ODN 4.9 

A$r2206 V/, NS-OON 3.7 

ASt233l VI. NS-ODN 2.8 

ri-hTBRTZ MA NS-si i.6 

d-hTERn NS*j;i 1.3 
ST-hTERT2 vx. NS-*i 

.ql-hXERTI w. NStsi -1,9 
si-hTERT2 NS^ i J^r^^ 



FC, fold chstsc 



43.9 
16.2 
12.4 
7.$ 
1.9 
1.8 

-1.6 



measured as annexin V-pasitivc ccIUj, wafl fipccldcafly increa.<»d 
after si-hTSlT2 + MMC treatment (33.7%) in ooinparison to NS- 
Ki + MMC (17.3%). A idmllar enhanocrnent etTect on apoptosis 
wa9 shown for CDDP at 48 hr. 



Discussion 

Axxessment of AS'-OON^mcdiatcd tffcan 

The tnmsfeccioA with AS'ODN.i; uicsctcd at hTERT led, on the 
one hand, lo an effietcni icduccion of the hTERT mRNA but, on 
the other hand, Co a high degree of concordsm:c between gene.*; 
changed by andhTERT treatment and those changed by control 
A5-ODN» against other targetfi. Pos.4iblc effects cau.ted simply by 
transfcction with nucleic acids were excluded by nonmsllTiuion ro 
NS-ODN-tPeated celLs. Thus, the different AS-ODNa seem to act 
in an AS-0DM-5piicific rather than in a tai^-specific wj^y. The 
possiWHty that genes were tefiulHtcd in paiaJlel by inhftiiting 




EGFR 



P-A€tifi 



Fi(;uRR 6 -r Detection of EGPR. praie^n conreni by We.'itcm Blot- 
ting. The tancR repfla$ent «Mnplcfl, tr&n.<{toed tvjth si-hTERTl. »i- 
hTERT2» M-V60F3 and NS'ii.4 The liJ2$ ccll!« (5 X 10* per .sample) 
were harvested 24 hr «ffccr tiansfection* and protein ly.iaie.« were sepa- 
rated Oil i '"25% SDS-poJyacrylamide flel, P-acUn ficrved ai a eonuol 

hTERr, .nurvivin and vEGP m'a tai^get-spcclftc marnier ttros npt 
considered bin cannot be CKCluded in the rcsuUs shown here. 

Several genes pro.<:cnt in the hTERT AS-ODN gene list (Table 
III) are describod to be connected at a regulatory JeveJ. Mpny of 
them are B.<taociated with tefiponsc to stress, e,^. an early 

growth response gene, mducible by genotoxie and mitotic stress in 
normal and neoplastic cellif** as well zs^ by genisicin treatment in 
BCa cclfs. EGR I is described as a tumor-aapprcssor. iniplicaied 
in chc regulation of cell growth and transformation and shown to 
positively regulate the expression of gfowtfi suppTc.««ive genes 
wch as GADD4S^ and CDF/S,^* which were also uprcgulated by 
different aS-ODNs tn the present .ttudy. GDFI5 (afjco known as 
NAO-I) has m antitumori^enic function In human colorectal car- 
cinoma cells. 6GR1 wii« shown to be simultaneously upregu- 
latcd together with the transcription factors ATF3 and CEBPB e^*- 
tcr acute poncteatiiffi.^ Besides inflammaiian prxjoesses. endopl&'»- 
matic n^ioulum stress inJuoed the expre.uian of ATF3 and 
CEBPB. ATF3 in him can induce the cxprcwion of OADD34 
in moato embryo fibioblafiw.^' After initiation of genotoxie sires-s 
CEBPB is implicated in the transcriptional control of DDrr4 (also 
known as RTPSOl). a mediator In the mitochondrial apoptotic 
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pathway, wtifch was abtc to Impair ccK growth by inhibttine ihc 
stncss-wgulntD^ mTOR-iignaling pathway/' 

Bcnimetiacaya et <ti, malyztd ihc gene cxprc.Ksion of pnyctatc 
cancer cells after tninsfccUon with G31 39* an AS-ODN tafgetin^ 
BCL2. and found tHiEcl-indepcndcnt cxpr&itjHon prxyfiles related to 
those obtamed after interferon crwitmenL^ In jwofdanc* wiih our 
data, nearly all of the candidates were uprcgulated, and 5 of rhefie 
geness wcw also induced by the hTgRT in the present 

study (i^TT^i, ADM, CADD4SB, MAf^F and /L»), 

Tn concLuskin, the tieatmeni with AS-ODNfi targeting dlfTerant 
t«mor-aAS«iatcd genes caused the induction o( n comple* nci- 
work of growth Inhibltinn factors, which are rcteted to a rtsponsc 
to filreat, whereby EGRl .wems to be a major regulator of this 
process. The detailed cause of this stress remains to be clarified. 
However, the reduced hTERT expression may be cause or/and 
consequence of the Induced ceil death. For the selection of reliable 
AS-ODNs. wc recommend the compararivc analysis of suitable 
contnol mofeciiIeA, for instance at least one acUitiottai AS-ODN 
against another target as weJI as a N$-ODN. 

The micraafray reaults implicated a nontjicget specilie way of 
action of the investigated hTERT AS-ODNs» which WM described 
in a similar manner for tlM BCU-directed AS-ODN 03139, 
whose function (n FC3 ptx>statc cancer cells depends on a "bis- 
CpO" (CCTOCy motif.^' Interestingly, the hTERT AS-ODN 
AS12331 contained an analogous sequence morif (CGTGCC) (Ta- 
ble I). The invcstigaiion of addhion^l conlrol ODN5 (SCR2- 
SCR5), with base substimtian:; in comparison to the parental 
ASt233l and tliUR without the obUity to stably bind to the hTERT 
mRMA. revealed rhe complete loss of function of SCR2. In this 
conistnict, the "bifi-CpO** motif was disniptcd. On the other hand, 
base substitutions within SCR3, which had an effect on cell 
growth and hTBRT expression, kept the 2 CpG motifs unaltered 
(CGTCOO. Attematively, the reratned ftinciion of could be 
explained by an unchanged 5'-sttc, because 3 ba«5 exchanges were 
iolroduccd only at the 3'-!ritc of th« construct. However, the "bis-' 
CpO" hypothesis of action cannot be transfened to the other 
hTERT targeting AS-ODN ASr22CK>, It contained no CpG moUf 
but a G^uadniplex sequence, known to cause antiprolfftraUve 
effects v{rr{?,^ The appearance of 2 difTereni known ficqacnce 
motifs with growth suppre&sing function and the low overlap of 
gene signatures between ASi220(S and AStZ33l could refer to 
diverse modes of action of these AS-ODNs. 

To exclude the possibility chat the effects of the hTERT AS- 
ODNs and SCR constructs arc a phenottMsnon of 6J28 cells, (he 
gmwdi inhibition and target reduction were confirmed in 5637 
BCa oclts with similar rcjjults (dStta not shown)^. /!• 



naTure of > l,0«0 genes." The hTERT siRNA IjA (Tmble IV) con- 
tained no gene from this signature, bemg probably caused by cejl- 
apccific varieties and di;?ferent compariix>n criteria. PcTKcngiev 
et at. normalized the efftclfi to untreated cells, whereas a NS-sl 
constnict was used for normalisation In ihe present study. How. 
ever, 2 candidates for off-target effects were identified ai? changed 
after transf^^ctlon with different siRNAs independent of their tar- 
get: FBXUl and The G3BP2 protein contains RNA-bi'nd- 
ing motifs and is implicated in RNA metabolism. 

Semi?.irov tff at. compared the expression profiles of human 
lung cancer celU after treatment with siRNAs targeted ar AKTJ, 
PLKl or RBI. ^ The overlap of the individual expression patterns 
ranged from 8 to 38%. This is in accordance with the results pre- 
sented here: ^17% of genes were similarly regulated by siRNAs 
again.sr different targets. 

To our knowledge, the down-regulation of the oncogene EGFR 
by the siRNA-mediaicd inhibition of hTERT in BCa cells was 
reported for the nrst time in the present ?nudy. EGFR is de«^ribed 
to be ovcrexpresscd in BCa tissues^** and to facilitate motility and 
8Hbse<[uent invu.iion of BCa celU." Moreover, the ovcrcxptession 
of EOPR within the urothelium of ttxmsgenic mice in combination 
with the expression of SV-tO large T antigen promotes the growth 
of BCa. A Dutativc connection between EGFR and iclomcrase 
was dcsciTbcd previously in few reports, whereby It H not clear 
whether tclomerase regul.ites BGFR or vice versa, Tian ci at. 
showed a direct corrclatiori between EGFR protein expression are! 
telomerasD activity as well as the down-regulation of tclomerasc 
acriviiy (n glioblastoma cells treated with EGFR AS-ODNs.-^'' The 
reduction of tcJomcrruc a^ivity in skin carcinoma cells neated 
with an F-GFR-specific aniib<jdy or inhibitor, resrocrivcly. resulted 
^Tom a diminished hTBR ; mRNA expression.^ Furtheimon:, n 
direct induction of hTERT expression by EGF, the ligand of the 
EGFR. was described.** Tlicse reports support the hypothesis that 
EOFR may regulate the expression of hTERT. The other case, a 
possible regulation of EGFR by hTERT, was shown by die ectopic 
expression of hTERT in human mammary epithelial cells. The 
transfectants were characterized by a growth advantage caused hy 
increased expression of growth promoting genes like F0F2 and 
EGFR. The results from Ihe literature and our own data suggest 
rouiual mechiinisms of reg\ilation of EGFR and hTERT. 
. Two microafray-based studies Lndependendy found an associa- 
tion of the ejiprcs.sion of bc»th EGFR and P05U, a member of the 
FOS proto-ortcogcne family, with the invasive phenotypc of BCa 
cells and w*fh the metastiiiic phcnotype of human hcpatocatci- 
"^^^S^StT relevant fiinctio^of FOSLl In the develop. 

>^,9^'^'€''^^«M?U"2^ m^^^^y ?!"g?cs!cd/^ A com- 

^ -n^ parisoh^ofidie ^e «pi%rpSor|jss^e samples, dertved from nor- 



The i»ve.dga^ hTERT ?&^6K.Md U^Li TF'^'tO^t^^^^^'lMXS'':!^^. 

showed an association between increased expre.<ision of FOSLI 
and EGFR and the resisisncc against CDDP m ovarian cancer 
ctlhr" The decreased Iev<Is of FOSLI and EGFR after siRNA- 
mcdiaied hTERT inhibition in the present study could contribute 
to the sensitizaiien of BCa i^ells to CDDP. 

Another gene associated widi inva.'dvc growth of tumor cells 
and selectively down-cegolated after hTERT inhibiUon Is laminin 
'y2 (LAMC2). It codes for *e yl chain of laminin 5^ a ptt)tetn of 
the extracellular matrix. The importance of LAMC2 for tumor 
invasiveness was shown fx several types of cancer, including 
BCa. Its overexpression sisiificantly increased the risk of local tu- 
mor relapse of BCa patients. Interestingly, 3 studies suggested 
a connection between LAMC2 expression, invasiveness of tumor 
cells and BOFR. LAMC2, vfhfch contains a laminin-type EGF-lilte 
domain, was not only Induced by EOF/' but also cocxprcssed 
with EGFR in tumor ce\\z^^^ Thus, EGFR may upregulate the 
expression of LAMC, 

The comparison betweer Ac gene lists for hTERT AS-ODNs 
and hTERT siRNAs yielded no genes, which were regulated to- 
gether in the same dh^tion. Anderson dtct, comparatively invcs- 



mRNA, but the effects on cell growth seemed to be associated 
with stress response rather than with spcci^c telomentee down- 
regulation. Thua, hTERT was larj^etod by an independent tech- 
nique, using 2 SiRNAs and appropriate control mRNAs to yield a 
specific transcriptional respoa^ to the reduced hTERT level. 

The higher efficacy of si-hTERT2 compared 10 sl-hTERTI to 
repress the targot wa* confirmed using both another transfectinn 
reagent (DOTAP instead of LF) and anoihcr BCa cetl line (5637) 
(data not Rhowti). The different activity could explain ihc higher 
number of genes changed by st-hTERT2 creamient. On the other 
hand, differences in the behavior of distinct siRNAs against the 
same tai^ regarding their effects on mRNA exprcssioD patterns 
could be explained by the toleration of one to several mismatches 
within the target .sequence, leading to cross-reactions with untar- 
geted genea of limited sequence homology .^^ Nevertheless, li 
genes were affected in parallel by both of the hTERT siRNAs, 

The appearance of siRNA-mcdimed ofF-targci effects was 
described by Pcrscnglcv et al., who investigated rhe global gene 
cxpres^OA after tneaiment with siRNAs targeted at the nonmam- 
malian luciferase gene in HeLa ceUs and found a nonspoci6c sig- 
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tigflicd the expresjion profites of prcttJate cancer cells treated with 
AS-OONs and siRNAs tweeted at BCL2 by raicKKirraya whh sim- 
ilar TCsulCs. Bdth AS-ODNs and srRNAs down-itgulatcd {he 
expression of BCL2, but the expression profiles showed nearly no 
overlaps.'^ In ftocordance with the preKcni stwJy, a targqf^jnde- 
pendent AS«0DN-4ipceiftc expression si^tuatwrc which cOTtained 
rtwinly stPKW-inducible geneci. was identified. 

Both hTERT-diiccted AS-ODNs and siRNAs reduced their tar- 
fci mRN A, hut OT)Iy AS-ODMs inhibited the growth of tumor cells 
immediately ^nd potently. This might be associated with off-lAmcr 
effecu of these inhibito^^. Thus, the previously repotted chemrv 
sensitizadon of BCa cells by hTERT AS-ODNs'^ might also be 
caused, at least in part, by off-iarjict effects. In contrast* pttslimi- 
nary data showed the cnhancemcni of the cytotoxic action of 2 Cf 
by hTERT inhibition using siRNAs. This observation is in dccofd- 
ancc with the previously described function of hTERT in the 
repair of CDDP-mcdiated DNA damages.^ However, U remains to 
he evaluated id detail whether a siRNA-itiediatcd hTERT inhibit 
tion could lead to distuibed Tcpair of DNA dftmages. 

In conclujrfon, both of the nucleic acid-based inhibitors, AS- 
ODNs and siRNAs, affect not only thcfr toiget gene but may cause 
vaHouseffiectt on rhctTRnscripliona] tevel of Other genes. Wheithy 



the expression ^tttrtm for hTERT siRNAs were more specific 
than that for hTBRT AS-OPNs regaidinp their similarity to the 
controls. The hTERT ASOONs deiicribed here may mainly 
mcTuce a siresR response- like mRN A expression paitcm. which 
causes [he immediate an J potent suppression of growfh of BCa 
cells. The parallel reprwsion of the hTERT mRNA may be a sec- 
ondary effect^ assodoted with the uprcgoUitlon of several growrh 
inhibitmg g^nes. fn conrmst. we could show for die first time ih« 
a siRNA-fliediated rcprenslcn of the hTCRT niRNA caused the 
down-regulation of the oncogene EGFR, known to be a^ociated 
wiih telomerasc. Kowevor, independent studies, particularly in 
diffownt BCo cell lines, arc needed to conflrm the texults prc- 
.jcmcd herein and to ctarify the function of hTERT as a putative 
inducer of growth promotinj; genes. 
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